A Ai im m o of f t th he e s st tu ud dy y: : Yersinia spp., Chlamydia trachomatis, Chlamydophila pneumoniae and Borrelia burgdorferi are microorganisms from different taxonomic units. In the literature they are described as responsible for different types of arthritis of suspected bacterial origin, as well as concomitant other complications. The aim of the study was to estimate the prevalence of specific bacterial antibodies in a population of healthy people. M Ma at te er ri ia al l a an nd d m me et th ho od ds s: : The study included 90 healthy blood donors' sera. Prevalence of antibacterial antibodies was determined by ELISA (enzyme-linked immunosorbent assay) technique. R Re es su ul lt ts s: : Detailed analysis showed that, regardless of the antibody class, the most frequently detected antibacterial antibodies in healthy blood donors' sera were anti-Chlamydophila pneumoniae (55.6%) and anti-Yersinia spp. (52.2%) antibodies. It may indicate a previous infection of this etiology. Much less often anti-Borrelia burgdorferi (12.2%) and anti-Chlamydia trachomatis antibodies (6.6%) were detected. The analysis of the correlation between prevalence of antibodies and donors' gender and their age did not show specific differences. We observed a high percentage of the co-occurrence of antibodies for 2-4 tested microorganisms in donors' sera (42.2%). What is more, there was a predominance of sera with antibodies concomitant to anti-Yersinia spp. + anti-Chlamydophila pneumoniae (27.8%). It may indicate cross reactivity or frequent contact with the microorganism and/or previous infection. C Co on nc cl lu us si io on ns s: : The obtained results may significantly reduce the diagnostic value of these serological tests in undifferentiated arthritis. The results clearly show that the serological diagnosis results of arthritis of suspected bacterial origin has to be always done in close correlation with carefully conducted medical history and the clinical picture.
Introduction
Yersinia spp., Chlamydia trachomatis, Chlamydophila pneumoniae and Borrelia burgdorferi are microorganisms from different taxonomic units. In the literature they are described as responsible for different types of arthritis of suspected bacterial origin, as well as for other concomitant complications [1] [2] [3] [4] [5] .
Basic laboratory diagnosis of these arthritis is serodiagnosis. It is based on determination of prevalence of specific antibodies in sera using immunoenzymatic methods such as ELISA (enzyme-linked immunosorbent assay) and confirmation of positive results by Western blot with specific recombinant antigens. Using this two-step diagnosis in close correlation with the clinical picture may suggest the bacterial origin of the disease. The interpretation of the results may be made difficult by the same and/or similar clinical symptoms of different microbial infections, previous, often asymptomatic contact with a pathogen, and the microorganisms cross reactivity [6] [7] [8] [9] [10] [11] [12] .
We have studied the prevalence of antibodies for Yersinia spp., Chlamydia trachomatis, Chlamydophila pneumoniae and Borrelia burgdorferi suspected of bacterial origin arthritis in healthy blood donors' sera. The aim of the study was to estimate the prevalence of specific bacterial antibodies in a population of healthy people and to compare them with previously obtained results in a group of patients with undifferentiated arthritis.
Material and methods
Sera from 90 healthy blood donors were tested. The blood was supplied by the Regional Centre for Blood Donation and Blood Treatment in Warsaw from women and men aged 18-70 years. Donors meet the requirements of the Regional Blood stations and agree to collect blood for research purposes. Sera were divided into four age groups (Table I) .
Prevalence of antibacterial antibodies was determined by ELISA technique, using the following tests:
• (Fig. 2C ). In the case of B. burgdorferi, there definitely predominated antibodies in only IgM class [10% (9) sera] and only IgG class antibodies were detected in slightly more than 2.2% (2) of sera. No antibodies were detected in both classes simultaneously (Fig. 2D) .
A detailed analysis was performed to estimate the prevalence of antibodies against selected microorganisms in different age groups (I-IV) and by gender.
Both (Fig. 3) .
The most often detected were antibodies (IgA, IgG) against Chlamydophila pneumoniae in sera of group III [IgA -63.2% (12), IgG -78.9% (15) ] and group IV [IgA -75% (6), IgG -62.5% (5)] (Fig. 4) .
Anti-Chlamydia trachomatis IgA class antibodies were detected most in group IV [37.5% (3)] and in group I and II (in 3.1% of sera). Immunoglobulin G antibodies were determined only in group II.
Significant differences in the percentages of positive sera for the prevalence of anti-B. burgdorferi antibodies in particular age groups were not observed. However, the absence of IgG class antibodies in the youngest (gr. I) and the oldest (gr. IV) healthy donor age groups was noticed.
The analysis of the correlation between prevalence of antibodies and donors' gender did not show specific differences. According to gender, the percentages of positive sera in different classes remained at the same level. A significantly higher percentage of IgA class antibodies in women was observed only in the case of Chlamydia trachomatis [16.6% (4) in women vs. 1.5% (1) in men].
It was important to estimate the co-occurrence of tested antibacterial antibodies in the sera from healthy blood donors. It was found that up to 42.2% (38) of the donors' sera were positive in ELISA test for 2-4 tested microbes (Fig. 5) . By far the most often [27.8% (25) of sera] anti-Yersinia spp. and anti-Chlamydophila pneumoniae antibodies coexisted at the same time. In 4.4% (4) of the sera the simultaneous presence of antibodies against B. burgdorferi + Chlamydophila pneumoniae was observed. Other combinations of co-occurring antibodies to various microorganisms were found in small percentages of sera [1.1-2.2% (1-2)] and among them there was one with positive results for all four microorganisms.
Analysis of positive sera of Yersinia spp. + Chlamydophila pneumoniae was done in 25 sera and the co-occurrence of anti-Yersinia spp. + anti-Chlamydophila pneumoniae antibodies was tested. The most often detected antibodies were only in IgG class for both microorganisms [68% (17) of sera] and in 20% (5) of sera antibodies for both classes (IgA + IgG) were found. Antibodies of different classes, IgA for the first microorganism and IgG for the second one, and vice versa, occurred in 12% (3) of tested sera.
Discussion
The rule of serological diagnosis is comparison of positive patients' results to the control group, most often healthy blood donors. It was already repeatedly emphasized that the serological diagnosis of antibacterial antibodies always has to be performed in close correlation with the clinical picture, due to the fact that prevalence of these anti- (2) 10 (9) bodies may result from antibody cross reactivity, polymorphic B-cell induction, additional infection or previous contact with a pathogen [8] [9] [10] [11] . Therefore, the administration of antibiotic therapy is often not justified and the expected results are not achieved. Moreover, the high percentages of antibacterial antibodies detected in healthy blood donors' sera clearly show that the interpretation of serological test results has to be strictly considered with the patient's clinical status.
The presented study deliberately focused on prevalence of antibodies to microorganisms with taxonomic diversity and different transmission routes. All of the tested microorganisms may induce arthritis. Data available from the literature, as well as our own long-term research conducted on sera of patients hospitalized in the Institute of Rheumatology in Warsaw [1, 2, [5] [6] [7] [8] 11] , show that prevalence of antibodies to Yersinia spp., Borrelia burgdorferi, Chlamydia trachomatis and Chlamydophila pneumoniae was determined and analyzed in detail. The prevalence of these antibodies in healthy blood donors' sera has not been studied comprehensively yet.
The results were somewhat surprising. Regardless of the antibody class, we detected a very high percentage Prevalence of antibacterial antibodies in healthy blood donors' sera symptoms. They can also cause infection with poorly marked systemic symptoms, often undiagnosed. Moreover, cross reactivity of antibodies to the same components of the cell wall of both microorganisms, such as YOP and OMP (outer membrane protein) proteins, may also occur. In this study, in the case of Yersinia spp. the percentage of positive healthy blood donors' sera was significantly higher than in the group of undiagnosed arthritis patients hospitalized in the Institute of Rheumatology (35.3%) [11] . Anti-Chlamydophila pneumoniae antibodies in patients' sera were detected in 47.6% (our unpublished data). So high prevalence of these antibodies may make correct diagnosis of patients with poorly recognized clinical symptoms difficult.
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We detected much less often anti-Borrelia burgdorferi [(12.2% (11 sera)] and anti-Chlamydia trachomatis antibodies [6.6% (6)] in healthy blood donors' sera. Similar results were obtained in another Polish study, where the presence of anti-B. burgdorferi antibodies was detected in 12% of healthy blood donors' sera [15] . In Austria 7.7% of tested blood donors' sera were positive for anti-B. burgdorferi antibodies [16] and in Germany 5.5-7.2% of healthy blood donors' sera [17, 18] . This may indicate contact with an infecting agent and a possibility of asymptomatic course of the infection. In our previous study in patients with undifferentiated arthritis, these percentages were slightly higher, i.e. 14.7% for anti-B. burgdor- (4) 27. 8 (25) feri and 10.6% for anti-Chlamydia trachomatis antibodies [11] .
The comparison of the results of the group of healthy blood donors with positive results of the antibacterial antibodies in various classes with results of patients with undifferentiated arthritis is interesting and may be relevant for the future.
It is not surprising that the most often detected were only IgG class anti-Yersinia spp. antibodies (Fig. 2) . However, a higher percentage of antibodies in the healthy blood donor group in this study than in patients in our previous study [11] (28.9% vs. 19.3%) can significantly reduce the diagnostic value of these serological tests in undifferentiated arthritis. A high level of antibodies, only in IgG class, can persist for months, years or even the whole life. It can indicate previous infection or a contact with this pathogen. However, it should be stressed that presence of high levels of only IgG class antibodies has little diagnostic significance in undifferentiated arthritis [6] .
Detection of only IgA class anti-Chlamydia trachomatis antibodies in 5.5% (5) of healthy blood donors' sera should be interpreted similarly. The prevalence of only IgA class antibodies is found in infection of the mucous membranes and may indicate an active, recent, but also chronic infection process [7] . In the patients' sera, anti-Chlamydia trachomatis antibodies without regard to immunoglobulin class were detected in 10.6% of sera, of which in 6.3% only IgA class antibodies were detected. Notably, a cross-reaction of this pathogen with Chlamydophila pneumoniae, which infects mainly the mucosa of the respiratory system, often is possible. Slightly different results were observed by Podsiadły et al. [19] . They found that only 1.4% of sera were seropositive for Chlamydia trachomatis specific antibodies. Another study showed that anti-Chlamydia trachomatis antibodies were detected in 13% of sera in IgA and in 26% in IgG class antibodies [20] .
We detected a high percentage of positive results for anti-Chlamydophila pneumoniae antibodies in healthy blood donors' sera, where 38.9% (35) of sera were IgA and 53.4% (48) were IgG class antibody positive. As mentioned above, this may indicate a previous infection. The dominance of the simultaneous prevalence of IgA and IgG class antibodies to Chlamydophila pneumoniae [36.7% (33)] may suggest frequent contact with this microorganism and consistent production of antibodies in healthy people [21] . A slightly lower percentage of IgG class anti-Chlamydophila pneumoniae antibodies in blood donors' sera was detected by Podsiadły et al. (35.1%) [19] .
The analysis of the prevalence of antibodies by age and gender showed minor diagnostic significance. There were no significant dependences of the prevalence of antibodies to Yersinia spp., Borrelia burgdorferi, Chlamydia trachomatis and Chlamydophila pneumoniae analyzed by age and gender. However, the highest percentages of antiYersinia spp. and anti-Chlamydophila pneumoniae antibodies were detected mainly in the oldest age groups (group III and IV) (Fig. 3 and Fig. 4) . These results confirm another study, where anti-Chlamydophila pneumoniae antibodies were detected more often in donors aged 50-59 [19] . With increasing age, older people could have contact with more diverse microorganisms [21] .
Interestingly, we observed a significantly higher percentage of IgA class anti-Chlamydia trachomatis antibodies in women's sera.
Surprisingly, we found a high percentage of co-occurrence of antibodies for 2-4 tested microorganisms in donors' sera [42.2% (38)]. It may indicate cross reactivity or frequent contact with the microorganism and/or previous infection (especially when antibodies were mainly in IgG class) [11] . The consequence of the high percentages of Yersinia spp.
[52.2% (47)] and Chlamydophila pneumoniae [55.6% (50)] positive sera was the dominance of sera with antibodies concomitant to anti-Yersinia spp. + anti-Chlamydophila pneumoniae [27.8% (25 sera)].
The above results showed that serological tests which detect antibodies against bacterial antigens B. burgdorferi, Chlamydia trachomatis, Yersinia spp. and Chlamydophila pneumoniae in the diagnosis of arthritis should be correlated with the clinical picture and previous medical history. The analysis must take into account the presence of these antibodies in the healthy population, which results both from prior contact with a microorganism and a history of infection, as well as cross-reactivity.
